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Groundwater 101

Nathan R. Erber

Geologist _
Hazardous Waste Section

Materials Management Division
EGLE

517-256-6063
erbern@michigan.gov
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e Water Cycle

Volcanic Atmosphere

steamey ’ ”P\

Sublimation

Iée, snow, an 4 > T Condensation
glaciers , 1 Il
3 N~

Precipitation

Precipitation
Deposition Evapotranspiration _
Precipitation Evappratlon

‘_‘* ll Fog drip T
s T -, L

\"5?\..

Ocean currents

U.S. Dept. of the Interior
U.S. Geological Survey

Howard Perlman, John Evans, USGS Groundwater Storage
https:liwww.usgs.gov/water-science-school

This diagram shows the Earth’s “Natural™ water cycle, omitting the significant impacts of human influences.




What is Groundwater?

 Groundwater is water
that exists underground
in saturated zones
beneath the land
surface.

e Groundwater fills the
pores and fractures in
underground materials.

* Sand, gravel, bedrock.
* Think of a sponge.
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Recharge to
water table Water table
Capillary fringe o

Saturated zone
below the water table

(Ground water)
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All openings below water table
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How ground water occurs in rocks.




Groundwater Infiltration
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Groundwater Flow

RECHARGE AREA Ra DISCHARGE AREA

 Groundwater flow is
determined by:

* Permeability: how easy
or difficult it is for water
to move though
material.

Groundwater contributes to surface water

. Porosity the amount Of *¢ | * (gaining stream) * - *

open space in the
material.




Permeability

2 minutes 20 minutes 2 hours

man

High Medium Low







Confined/Unconfined Aquifers

Potentiometric
surface Flowing Perched
artesian water table
D, el well
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Groundwater and Streams/Rivers

Gaining Stream

* Interaction takes place
in three basic ways:

e streams gain water from
inflow of groundwater
through the streambed
(gaining stream),

e streams lose water to
groundwater by outflow Coakig S
through the streambed
(losing stream), or

* they do both, gaining in
some reaches and
losing in other reaches.

Flow Direction

Flow Direction =9

Water Table



http://www.ga.gov.au/scientific-topics/water/groundwater/understanding-groundwater-resources/groundwater-surface-water-connectivity

Groundwater Investigations

Figure 2 SoMmE POTENTIAL SOURCES OF GROUND WATER CONTAMINATION

"“..—,__,-{:g- 7‘_}' j};- v g

Acid Rain Recharge to : 1]..
Ground Water and dasiai E“ = :
_~ Surface Water |mpoundment§w

Airborn Sulfur &
Nitrate Compounds

Hazardous —— Urban
Waste g * Runoff
Dumpsites i

Uncovered
o Road Salt

Ars

Gasoline
Service

K o
Cone of
Depresstion

Infiltration to
Ground Water

Not Drawn to Scale

Source: Paly. Melissa and Lee Steppacher. The Power to Protect:Three Stories about Ground Water. U.S.E.P.A. Massachusetts Audubon Society and NEIWPCC.

p to Speed” for section C,“Ground Water Contamination” is adapted from US EPA Seminar Publication.Wellhead Protection: A Guide for



LNAPL = Light non-aqueous phase liquid (e.g. petroleum, benzene)
Disposa] site pronounced ‘ell napple’

spill, leakage DNAPL = Dense non-aqueous phase liquid (e.g. coal tar, creosote
Trichlorethylene (solvent))

pronounced ‘dee napple’

T
Unsaturated part of aquifer

Vapour phase?
Watertable

LNAPL floating >\ A 4

\

Groundwater flow
—

Dissolved contaminant plume

A ( AI'(

Organic contaminants, like petroleum fuels and solvents may be present as a free liquid,

dissolved liiuid iin wateri and as Vaiour



outer locking cap

inner cap I #—I\-

bumper guard

protective seal

weep hole

surface seal
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maximum frost line
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annular seal é ? —
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1
filter pack seal é é
(bentonite) N
e L

primary filter pack g well screen

bottom cap
https://epa.ohio.gov/Portals/28/documents/TGM-07_final0208W.pdf




EXPLANATION
13647 1823, | w2
(o] LOCATION OF WELL AND
13102 ALTITUDE OF WATER
o (o} TABLE ABOVE SEA
145.03 LEVEL, INFEET
—— 140 — WATER TABLE CONTOUR -~
013221 Shows altitude of water
O\2e 78 e table. Contour interval 10
' feat. Datum is sea level
_— ——= GROUND-WATER FLOW
o o 12831 LINE
B o\
13847 , 152 1
0 __
131 42 o
14503
3221 R
Cr26.10 m.ooo
B 121.34
®,. 0




SW

NI
i
5
1IN

%
7
Z

=i

SOIL GAS SAMPLE (e.g. E124)

FC-W-!S

, TTMW-02

wiLLOwW
snu‘r

S S

IR ISR

B ,.._‘

JAEGEND
WATER TABLE (APPROXIMATE)
POST-PINEY CREEK ALLUMUM (UPPER HOLOCENE)
BROADWAY ALLUMUM (PLEISTOCENE)
MASSIVE GLAUCANITIC SANDSTONE (PIERRE SHALE)
LAMINATED SILTY SANDSTONE/SILTSTONE (PERRE SHALE)
LAMINATED, FRACTURED SILTY SANDSTONE (PIERRE SHALE)
LANDFILL MATERIAL
DNAPL-COAL TAR

HIGHLY WEATHERED FRACTURED SANDSTONE (PIERRE SHALE)
DENSE NON-AQUEOUS PHASE LIQUID (DNAPL)
PASSVE DFUSSION BAG SAMPLER

WELL SCREEN INTERVAL
COAL TAR

NE

2

z

o

<

“ CACHE LA POUDRE RIVER
s GRAVELY FILL
w

2

=3

2

T

NO SCALE
HORIZONTAL VERTICAL

1:5 APPROXIMATE VERTICAL EXAGGERATION

POUDRE RIVER SITE
FORT COLLINS, COLORADO

FINAL CONCEPTUAL SITE MODEL
AND CROSS-SECTION

U.S. EPA REGION Vi
IN COOPERATION WITH
BROWNFIELDS TECHNOLOGY SUPPORT CENTER

cGLE







